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Abstract of JP 10010480 (A) 
PROBLEM TO BE SOLVED: To remove ternary 
modulation distortions with a simple device 
constitution by further demultiplexing one 
demultiplexed signal, subjecting these signals to 
optical phase modulation in antiphases from each 
other, then demultiplexing the signals, multiplexing 
this light signal and the other light signal subjected to 
phase shift in the antiphases and setting a 
demultiplexing ratio, modultion index, and bias phase 
in such a manner that the ternary intermodulation 
distortions are removed. SOLUTION: An optical 
demultiplexer 1 1 demultiplexes the inputted light 
signal to two signals which a prescribed 
demultiplexing ratio, outputs the one light signal to 
an optical demultiplexer 12 and outputs the other 
light signal via a phase shifter 9 to an optical 
multiplexer 14.; The optical demultiplexer 12 
demultiplexes the one light signal to two signals at 
1:1 and outputs the light signals in the antiphase 
from each other to two phase modulators 7a, 7b 
which execute optical phase modulation. These 
modulators execute the phase modulation at the 
prescribed modulation index and prescribed bias 
phase according to the inputted electric signals and 
multiplex the signals by an optical multiplexer 13. 
The one light signal subjected to the optical phase 
modulation and the other light signal subjected to the 
phase shift are multiplexed by the optical multiplexer 
14. The demultiplexing ratio, the modulation index 
and the bias phase are so adjusted and set that the 
ternary intermodulation distortions of the light signals 
outputted from the optical demultiplexer 4 are 
substantially removed. 
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tM»>t"C«* t tmm& x-h s 2 mnm-mm 1 

flflBOtefrS. £oa&*W«i. <i^f^l§2tc«J:o 

T?g££;h.S£tifi^T'<S>SmmfI^S 0 =s i nco.t 

».t + p bi „fcfl£->T3lfli^tl«S9W-4. 

r. p bi „l±S»^>f TX«E(c i -?T£i£ S^M 7* 

[0005] f?M H 1 «0r^O»fi<O*^B 
7frI^-E 10 = exp ( j«t) (i^T. «IW)Sfi* 
lfcl/O^S. ) £&£LT, 5t7r-f a>-77U5R 
V*»«»2 1^LT*«-*»1 lfclA^SiXS. H 
#S*1 UtTJjZtVfcMSfir&tiWtl = 1?2#» 
Lt\ -*03Kft^E 21 = { 1/V (2) ) • ex P 
( j 60 1 ) ^3iai«BB2 2 t^LT3Kffi<BSHS7 tffi 
*-f 4-*. fl!dfOftff^E 22 = < 1AT ( 2 > } • e 
x P ( jo>t) Sr3ie»a»2 3^LT*&«»14fc 
'fcfcfrf S. #GHB3aH87H:, 7JjSit4#fi#E 
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i»*-f s c: t *<T-# s j^p^a 5r^-r s ; k iz$> 

S. 

[00 13] 

24MWftiBi<«»**at. ±M&zi<?>mm®. 

^feaj*Silt-*<03fcll-9Sr^«Jtl-C24Hftt** 
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too 1 6] hicswc. SSWfc^HS^-f S L i 
NbO 3 S«10±£. XMftft2 1. 22, 23. 2 



4, 25, 28, 29, 3 o fc . xmtsaR^xim 

3*lfc##tttlll. 12i*£j£Hl3, 141:. * 

0 kAiJgJftSn*. 3fci&S82 1 , 2 

2, 23, 24, 25, 28, 29, 3 0«)£j£M:. L 
i Nb0 3 g«Cl 0±fc£*DOjI9Ti «rf»J£»S*4 
ifcWJTi : LiNbOjCT**«HBffli»tt*> 

[00 17]H7«i. 3KfiMSaHS7a, 7b**iT 

^TirffiHTAS. H7(c*J^T. L i Nb0 3 S«l 

0 ±£5v ^fcTfrfc 2 ^M^SESIS 2 4,2 5 

X»r>K\,Mz¥fi£J&fR2htz2'Wmmi*4 2 , 4 

T, 3B»«»-24fc2 5tfDBK0LiNbO3gHEl 0± 
fc, 4*D**4 1 ^#&K2 4^H±£(I! 

<mm<?>L i Nb0 3 ££l 0Jifc£ift*tt4 2jWBjS 

s*u %mm,2 5oah*H«>m<oL i Nbo 3 s 

«10±t:«»m#4 3*W*5*l«. ££T. 

= sina,tC, «r3Qta*E)S8 a t,z£->Xft±Z 
tlk*a/i4TXW£*W&Zitlzm (ttT. EPJDfi 
) #4"l>*ft4 1 £«ifi$f*4 2 , 4 3I3HC 

1, 5 2T-^-Tipfc, 3t«feB82 4, 25fcWLT5 

[0 0 18] Slot. HlfcfcUT, 3K(ifflSPS7a 
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/l«3IHStti3aHI5 0(cj3V^T. ^3ElS5gSff«8^iS 
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X. jt?T4*tr-7)U5Wltmm2 1 •Ht-LT* 

m#*«J»Wtr: (1-r) (OT, SgBK^feSS 

1 l<0«*#iSJt?rrkV^. ) (££T. 0<r<l 
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(r) > • ex P (J at) £*5M&»2 2 *tf LT* 
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$r^LT3£fi-tE 23 = ly(l-r) I - expljw 
t + <f> ) b LT36*«» 1 4 tatfJ-r* . 3t)Mt 
»12UWJ**lfc*ll'ttWJ»Wtl : 1T2M& 
IX. -H(T)^m^E. 3X = (/" ( r/2) ) • exp 
(j<ut) *«W«»24^LT*fi«SH»7afc: 

2) >• exp (jot) £3ft£i£S52 5£:rt-LT3fli 
MHI7blctitA-f«. 

[00 20] ftftffl£p§§7 ali. A^jSftftftfl^E 
3l 5\ «mfi-f-S 0 = s i no),tC *r35£S^JES8 
afcJ:->T»4»<utlt8B/^T^«E*«iS*fcfi 
#CftoT0r«<Ofl3l«»P/2Tfiffi3eiLT, (iffl 
SaHaojfcd^E,, = {/■ ( r/2 ) } • e x P { j 

(«t + p/2) I *3fc*IW2 4£tfLT3fca«Sl 
3fcifi:*rt-ft. ^{51f^Wfl7b{i, A^Sftft 
7frI^E 32 $r. «mfi-§-S 0 = s i noo.tfiDKIEfi^ 
»T£ffiMES8 bfcj: ->Tf&*Silfc*«M 7 

fif#p/2T\ ft&ffl^USS 7 a i: it« LTififflT'ftffl 
3tPLT. fiM«BSM>#«#E4 t = </■ ( r/2 ) } 
■ exp {j (wt-p/2) } *3KWiH»2 5^L 
T3fe**»l 3£aj?rf&. &tvc, 3££&Ssl 312A 
^SiXfc2-5^tt-fE 41 , EnZm&X'&fclX . m 
ffl£Mf£O#fi#E 50 = E„ z _ E0B =v r (r)cos(p 
/2) exp (jet) i%mm2SiftLX%&®. 
»1 4 S^K, #^»14»iWj§flfc 

2O(7)3tfi^E 60 , E 23 ££&LT. £88fc03flI-fE 
60 = (E 60 + E 23 )// : (2) £#*S»3 0&V«7 
r4^>-7>6S:*rL/C, Mitf7 * h ^ KT 
«Mc3 ftT Mi tf 2*^#tt**t ft *«8a*8 3 fc 
SWJtft. 3(S«C»»3ttA*S*lft3t«^**«3aft 

i.xm'm^x-htm^.m^mm Pd=E 60 • e 

$o**Hi:frfft. d-IT. E 60 *(i3tfi^S^-E 60 <O 
ft. 

[0021] J^OSatJBttfcfcvvc, 1 1 <9 

Wfcr L,TiJ:l\ S^fcWEl 

Ztltz 2*03t^SS82rfii^ 2**Hl£»*K£git-rft 

2-po)s«3e<og«taffiiiA /3 isattfti t fci 

£fi*^kLT*:fj#i£Jtr iSWk-fft it**?* ft& 
»«WK*|6Jtt^-SS-fflv^ft C i: tfX'Z ft . 
[00 2 2] fci-VC. Iilll:l3l>t, HSW&« 

Emz-eob 

= (l/2)!exp(j o>t-p/2)+ex P ( 
=cos ( p/2 ) exp ( j cot) 
[ 0 0 2 6 ] m frbmbfrKX o l£. {&R0lfctta& 



m^mimizitmtitiibimmitimbti. m 
izmm&ttZMm< zti*vw>\ 

B«a»rftj:dfc. Ait*fi#*a*t 

ftft#i£Ss 1 1 wm^tf&tt r i: . *fiHffi£§HS7 a , 

■TftifcfciO. lM 3 jS»*Ms*i-ftii:3&niF|Et^ 
ft. 

[0023] JjUK^dBBBfcfe v^T . ft#fflH9 
^T. 3te&83Sl4KfcVvt» Afl$:h.ft2o<Z>3fcfl-f 
E 60 , E 18 *«Sv»ti»(a U = *) T^-^tlftiotC 
3K»«fS 9 <^fflffi*>'l£5£$iift *WWi£*ifclR 
<b1\ #S«H9£IWtf. 3t»«»2 3fc3l£»a«2 
9fc£E*SU #S*»14(ci3Vvt, A*3*ift2-P 
<7>#fi^E 60 , E, 3 **5V^(caEB (* = *) "Cd«SJi 

&<r>mskzm&LxWi£.Lx{>s.\,\ ±tz. ±mm 

v- a ryl^btfiHffiOIS 5 0 £0 2 ^^ffi^PS 7 
a, 7bfc#LTH«T«ay^r^«E*W*rtfci 

30)titfi&mm.Zitx . *^«si4CJ3vir. a 

^§^lft 2-5CO3eft^E 60 , E 23 ^'5VHlj£fflT'^S 
[0024] KIT, HJbOJ: 3 tflWSS*lfc3iaSBai 

■5dtt-rft. 02co{^W:fcVT{S, 2oc03t^M 
KKO-^^CfiffiSPS-ffo-C^ft. CI<7)^. ±a 

m$mztL&. -u. *mmm<ri%3mmw.x\± . 

Hffl4HftS*lfc20«)3tefi^E„. EsiKJtLTS^t 
affi-CtMaSSIilT-iT^itf ft i i: 0 , ^S^A 

^pfc^rfti^t, usr v •' rjumxifflim 
5 o^ta^gp (-rsr*>%. 3fl)Ui*) rom 

#ffiE 60 = E„ z . EO „ti. <fcctT-^$ilft. 
[0025] 
[»4] 



j wt + p/2)l 

t.*>3^iS85l4iOai^E out = E 60 T'{i» JJMffE 

■i-MBtaia^aiMi^EwJjfliDi^T^jfi-fft. 
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rt-T&b. m^E 0Ut (i. 3C*T*3#U. [S5] 
[0027] 

E ou t 

=/" ( r ) E BZ . E0 „ +/" ( 1 - r ) exp ( j (ut + f) ) 
[00 28] ZZX\ {5ffifiif£p=ms i na>„t+p [0029] 
bias ktlk. %ftE oat t*CD&mmb<7)ftT'hZ>ft [»6] 

sue p„ t tt, 'd&X'mtiz>. 
p... 

= l-2y"(r(l-r))eos(p»,../2). J,(m/2) 
+ r - cos (pun) • J, (m) 

00 

-4/"(r (l-r))cos(p.,../2) 2 { J,.(m/2)cos(2 nco t)} 

n=l 

CO 

+ 2 r • cos(pm.) Z {Ii,(m)co$(2n6) t)} 
n=l 

00 

+ 4V"(r(l -r))$in(p, ll ,/2) S J, lM (m/2)sin<2 n+ 1)© t 

n = 0 



-2 r • sln(p,,.,) £ { Jji»i (m)sin(2 n+ l)o> t } 
n = 0 

[0030] i M 3 &#<omuimmtmm<z. 20 

56 L, {iftHIf£p =m ( s i n<a.i t + s i n&>, 2 1 + 

optDct. #ffi#«£*fi-*JS#P 0PtIst i:, 
( 2 f , - f 2 ) I M 3 ff^i£#P 

[00 3 1] 

[&7 ] P 0Pt DC= 1 " 2f{ r ( 1 - r))cos(p bias / 



2) ■ J 0 2 (m/2)+r -cos (p bia3 ) • V (m) 
[88] P <)P ti s t=4v r (2r(l-r))sin(p t> i„/ 
2) • J 0 (m/2) • J,<m/2)-2r ■sin(p bias ) • 
J 0 (m) • J,(m) 

[&9] P„ P t2-i=4V"(2r(l-r))sin(p bi „/ 
2) • J,(m/2) • J 2 (m/2)-2 rsin (p bi „) • 
J, (m) • J 2 (m) 

[0032] ±IB&9T\ P„ pt2 - 1 = 0 *Wz-tKW& 
[0033] 

[nun] *«»#ul jbie«3«=*^T, cffls-p 

fflp bi a,^3o53a?tfcLT, IWtttf>ittt£fTojfc. 
[0 0 34] H4«. (p bias = */2) W 

hmmmmizmihsamK^ms. ( im 3 ) BE-a-ts 

*«a£^ifc<7)eSclf« 1 p d 1 ( d B ) £ % *#i*ti 1 



1 ^«^SJt r i: AM TXftffl P bia , £ a* 5 p< - ? t 

LX2<tt<rmMimtLxmy : 7?x'hh. zz 

X\ m%mmm= 0 . 3 ( r a d ) k Ut. H4*> 
feWfe*«arJ:dfc. AMTXfiHSp bi „t*^mtr 

p bias T«}j#«it r V ^«tC*J 

^t. i Mt&ffimsztix^&mmtifft 

U ttfWifi'tti. 4 0dBkU:^#^©^»#«# 
OS**:* 3 it 

[0035] (Pbi.. = */2) tHf 

*5dBRBfc*JJt43l3ai*<«lt#* I P D 2 ( d B ) 
Sr. *#«S1 l<0«**»itrtK-fT^ffl«P k i.. 
- 9 k LX 2 <55t<n%mimk IX^tfy 7 

x-hh. zzx\ 5BcawMODu. mammta 
t. zzx-. %gmmoD<7)it%x'i±{m3mfe&m 

£0. 1 (rad) fcj^O'hSfcflrCfWfcfT-sfc. 

■oX. 3l0EI8«MOD^eS{#©i/hS<=S:oT^ofc. 

Txeffl Pbia3 *%#jST\ 6 d BWJicr>1tmmMO 
D(7)S##I.£>*tf:. CW5feSISSMOD<06dB(7)K 

fc\ U— ( R I N ) 



(7) 



10-10480 



[ o o 3 6 ] H6«i. mmn&coftgmmoD <%> 

Sr. lrttMMUtrkJU Tx&ttp^ 

JgMODk 1 07^5 0%fcffitf>TK^ffi£#6 

»f, t£*ixffi:x:i!3 rH.L.Farwell.et al., "Increased 
Linear Dynamic Range by Low Biasing Lhe Mach-Zehe 

nder Modulator", IEEE Photonics Technology Letters, 
Vol. 5. No. 7, pp. 779-782, 1993^ j #g§. ) . LA'L^r 

&^Xl>, I M 3 ^*>WW(C^*T'# iflWtt^ 

U H6 tc^-r i 3 £ . a6**s#/ 1 M 3 j£#> 8 0 
d B c 'J T«*Jt) <0««tS»fciSWCS s . 
[ 0 0 3 7 3 . ^KBg^cOj^PSIgtti^T 
tt. «*W (A4 7X{iffiPbi as = w/2) fcfeV^TJl 

aS^ftt^ti. ( f i + f 2 > fcftX'hk. #11 
eMoft-g (H^-tf-f. ) tciWf. A/7*<Jfflp 
bi.. = */2«t#. 2<XfflSSfBll M 2 f£#{2ft/h 
k*4. *fc, «;MH^r#/h3<fc4fc-3*tt. I 

!)«fW^ * 'J 5 fc. 1 

T<0£gjSWSr*fltf. I M,jfi«-*«iat4 £ k#T 
£6k#;l4>;rL&. 

= (1/2) (exp(jat)+e 
= cos ( p/2 ) -exp {j (a) 

[ o o 4 2 ] mm i o i o miws^ft^tc i o 

£ttT& < ftffl t £HS tlX V > 4 i k *«*>*»* . 
P opt tt«ffE M . E0B t-t«)lHSftaE III - MH *<»!)1ti: 

[0043] 
[»1 13 



opt 



[00383 Vlkmi Lfc«fc 3 . *tt«S!il»7 a , 
7b*>4>^:Sr /Xi • 7VU3bi:{iffl^P2s5 OfcA-f 
^«JB3tW«» 2 3, 2 9 SrfWlD LfcW*»tt*S03S 

fl-*SWWtelifc*'C& 4 i k ^'It^tc J: "Jwtfiifc. * 

m*«/hS<Tt>) K^JI3W*£»4£ka«T*. 

T . IZHM LT WBttk SEW»*t*(Ifci»#t 

4.IkA 5 T'#.S. ClfLtCiO. mt&gx-b-ot^ft-h 

[0039 3 vikmmmiz&^x . xa«gois7 

a, 7b*»^5:&7 , yioL ■ 7VHDft£ffi£fit§5 0$r 

[00403 <mi?E BZ _ EOI1 ^iC£OMIl>-7-yV\ ■ 7i 

l/2k*fttf5T. *Wil//" (2) k^:4. 4sfc. 
^iSMrttSiadBftlS^f 4 Hffi H k JSiSKtc^ 
L&^flffl*-Fc02o#?¥£U «3MBi«3*l4fc 

*>%%tLx\,±i/r (2) t%&titb. mimizsm 

[004 13 
[S103 



X P ( j (ft)t+p) ) I 

t+p/2) ) 

= cos 2 (p/2) 
= (1/2) (1+cosp) 
[00443 Z1X\ ftttffi&P=ms i n<u m t + p 
bias (ZZX\ m«ffi«SiHiaST**. ) kLT. * 

[00451 
CS123 



• E 



BZ-SOB ' 



= ( 1/2 ) (l+cos(m-si 
= ( 1/2) U+cos (P bias ) 
-sin (Pbias) 



[00463 £f>C. <^Srfflv^T 
[00473 



n £»« t + P bias ) ) 
• cos (m - sinw.t) 
■sin(m-sina). t) 
(S133 



(8) 
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s Inut) 



cos (m * s 1 nco t) 

CO 

(m) +2 S { J ta (m) • co s (2no> t) } 
n=l 

s In (m- 
oo 

= 2 2 {J,..! 
n = 0 

[0048 J ZZX\ J„ ( • ) linS^-y^it 

jjbbu 2^&gp opt £±ie&i 3&t/s 
i 4 im^xmnti t . <to<^ j: a t** . 

Pop t 



(m) 'sin (2n+l) cat) } 



[0049] 
[»15] 



oo 

= (l/2)[l+cos(Pn. 1 )-{J,(m) + 2 2 { J,.(m)-cos(2nco t)} 

n=l 

oo 

-»in(pi,..)-2 £ {J„»,(m)«sia(2n+l)ti)t}] 
n = 0 



[0 0 50] Stl 5frt>tyt>fr%£oiZ. HRWfcffl^ 
[0051] 

[ ^j^m ] u±m& Ltzi.o iz*mim & mm. 

nmmm^&Jiztiz-iToxm^tftmt 1 x- 
2tt&?z,%2coycft®.*m. ±.m&2com&^® 

t¥-3 t Kfenm^wmmfcwu rxtrnx-K 
&mmi^^z^thbti>f.z. ±ies2^3t^js 

m^t,zfe^x±imia3zmmm.v±.ai>u rxtm 
x-fr^iMixmimt ifif x-mmmr^ -> x aj* 

tih 2 -jcoitm^ nn&Lx&Ji-tm i <o*£&^g 

tfimx-smzti&xdzmiz&nzzti. mmit 

mntit)£.miZixz>iioizmmzixxisi%ztiz>. 
[0052] fifoT. mxmiz itm lx tsm%m$.x- 1 
M 3 &^mnmz^v^iztmnizx v^zti 



< x i, ) n\ ^m&zm z t * j t 
ft^x. mmzimLxmm&tmmmzA-m 
tartrr 4 - 1 #t-# & . i 0 , ftfrxmx'b -> 

tzlih&JllSi&Bcommm^kK'O . SI^3BEta^S 
»i . S 'J iftfr if<7)M ^jg»5rffl V vfeir^ a- 'J Tfci* 

[ 0 0 5 3 ] ttz. *wmz&&n*m2im0>%3m 
zmizn^xu, xi)Zii&m^&mz<?>ftmtT2 

<rmtm-n.t, m*2<?)%ftm%frh&hzh.h 
-uemm^t. Ajj2ti&WMmmzft-?xmi£<ott 
mm®.RxM%.cr>>u Txmx'xmgmtft-? 
x&jithttuz. ±iEm2co^«^a*^aj^s 
tx&mvm^z. ±M£X))2tiz>-&m^i.zfe^x 
tmLmmmmfiiZ'U rxmx't^±%im. 
mmtmsxKmmmm^x&tt&mmm 
zmt, ±sd.^m^m^m^mu$iih2^^m 

&2<r>%£mmt£®z-. mmvyx^&zmzts 
±mem^m^m^iii>m^bi3wsx'^^ 
±ie/wrxfiffli:<i. ±ies2<7)^js#s^4>ai^ 

$il4*fi^3i>S85^PM^IIS«t^S^4 J: 
[ 0 0 5 4 ] ft oT . ft^^tCifcRLTfiSm^fltlST' I 

M 3 f$.ftzmmzmkX'Z zztmmzx *)*$ti 



(9) 
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MJeRm#/h3 < t t ) &b £ t tfT' 

fciSS-f 4 - fc 4 . i ftfc «t 9 » 

[01 3 *«fflfc«Bft-SQ(9B»r**-7-yA • 7i 

mmRxsya-yfmx'hz,. 

[03 ] ast&gMK^TH^&mifOji^fBfc 

mm^^mm^tmmmx'h o » ( b >« ( a > 

•fjfi^BT'fcft. 

[04 ] ( p bias = « /2 ) izmimmmm 
fcfe»ts3<wi53ais ( i m 3 > 

JtO&#g I PD 1 ( d B ) £. tt#&»l 1 conjjft 

comm&Wt LX*t?y 7 ft . 
[05] fiE*W(p bias = w/2)fc*ftftHte^« 

cfettiaiaawoiSif*! pd2 (dB) 



?tLx2<x%<r)w?mkmt Lxtxtyyyx-hh. 

[06] gfflgfilPMB^ftMOD (%) Sr. 
? t LT 2 &7D7)l£«l!0i: 7 T*> & . 

[07] n i <»? y >- a ■ Tivwmmw^m. 

Sr^tRHiat'ftft. 
[#^fB9l] 

1- W— f-^Jf-F, 

2- flWJM-H. 

5, 6-3fc774Air-77k 
7a, 7b-»*flHBSSWI. 

1 0-L i Nb0 3 &K. 
1 1. 12-36#«8. 
13. 14 

21. 22. 23, 24. 25, 28, 29, 30 -* 

mm, 

4 0-37U- M8». 
4 

4 2, 4 3 

5 o-r-yxa • nvmtmmm^. 
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(12) 



nmv io-io48o 




mmm mm kh 



an mm. 4-# *wh 



